Abstract-In this work we concentrate on the long-term and short term cycles of Ukrainian stock market, being based on the nonlinear approach of the analysis of open systems. First, the paper gives an algorithmic model for the investigation of the nonlinear nature of stock market, which comprises five individual stages. Then, by analyzing the Hurst coefficient for the PFTS index for the Ukrainian stock market it is shown that it is persistent, i.e. contains the fractals. As the results, a parabolic function is used for the approximation of a nonlinear trend in the PFTS series. Moreover, the major tendency of the PFTS index gives the correlation trends of "blue chips". The elimination of trends and the usage of Fourier analysis allow one to determine the long-term and short-term cycles in the index and shares. Finally, by investigating the weight of the long-term harmonics in the cyclic component of the PFTS index, the stability of Ukrainian stock market is studied in a short-time period. The application of the results involves the forecasting of the crisis points of stock market and proves the effectiveness of shareholders Index Terms-stock market, spectral analysis, cycle, PFTS index, harmonics, fractality, nonlinear dynamic
I. INTRODUCTION
Under the conditions of heightening complexity, dynamism and stochasticity of the processes in the socioeconomic systems, a significant part of the economic science conceptions has to be reconsidered. This fact has been reflected in the revision of the classical paradigm of economics and the adoption of a neoclassical one. The difference between these two paradigms is in the understanding of the essence of economical processes. The classical approach to the dynamics of changes has been based on the property of determinacy of the open systems, i.e. the behavior of those was uniquely determined by the cause-and-effect interrelation. It means that the future of such a system is rigidly and uniquely determined by the past: Under the condition of knowing the principles the system development, the future behavior of the system can be forecasted unambiguously. Each unpredictable event was considered as an accessory factor and the chaotic behavior was treated in a destructive manner. The neoclassical paradigm is based on the nonlinear approach to the study of open systems, which comprises the powerful mechanisms of positive and negative feedbacks; the later can then self-organize and further develop. The nonlinear behavior of the socioeconomic systems in the space and time means the multivariance of the development directions and also causes irreversibility of the evolutional processes.
Within the framework of this new paradigm of scientific investigations, the methodology and tools of the economical sciences were significantly changed. These factors have served as a basis for the wide usage of the tools peculiar to the catastrophe theory, wave theory, cycle theory, evolution theory, chaos theory and for the construction of new economic theory branch -the economical dynamics. The most noticeable investigations in this area was carried out Refs. [1] [2] [3] [4] [5] [6] [7] .
The methodology is mostly expedient for the investigation of the stock market processes. This is because these markets, being the constituents of the financial ones, are highly stochastic. Displaying the current tendencies in the country development, these markets are governed by the general principles of the cyclic development and acquire the wave-like cyclic character. It is worth noticing that the waves are ordered and determinate oscillations, but the cycle is the particular case of the wave and this cycle is characterized by the constant period and amplitude.
The stock market is the structural element of the national economy, which involves the conflict of interest of different subjects, in particular -of investors. The investors compose the scenario of the market behaviour by using various mathematical tools which allows one to forecast the tendency changes of the share market. At present, short-tem adaptive forecasting models, fractal and spectral methods and models of fast processes (stock chaos) have gained the highest popularity.
The aim of the current article to investigate the nature of nonlinear cycles corresponding to changes which take place in the Ukrainian stock market. These changes arise due to the synergetic effect of the stochastic influence of internal and external factors.
The following tasks are addressed in this study: (i) The wave nature of Ukrainian stock market;
(ii) The fractal analysis of PFTS index time series; (iii) The determination and analysis of the cyclic components in the prices series of Ukrainian liquidly enterprise shares;
(iv) The determination of the stock market stability in the short-term period.
II. METHODOLOGY
The correlation between the tasks and mathematical tools are shown in Table I . We use an algorithmic model for the investigation of the nonlinear nature of stock market. First, this model is considered as the combination of all research tasks, but from the other side the other it is a separate problem for the investigation. Figure 1 presents the unification of the stages for the algorithmic model.
Each stage of the model has a complex character since it includes the complex of algorithms and models for the research of the stage local purpose.
The purpose of the investor is the formation of the adaptive behavior which includes long-term and shortterm interests. Determination of the long-term and shortterm cycles in the dynamics of shares supports the balance between the interests of the investor. The purpose of the first stage is the formation of the investigation factor space. The indexes are the main indicators of the business activity of stock market. The PFTS index is the index of the secondary stock market. It shows the permanent change of shares capitalization. The shares of the most liquidly Ukrainian enterprises compose the structure of PFTS index. This structure has slightly changed for the last five years.
The analysis of the industry branches shows that energy, metal working, oil and gas, machine building enterprises are the leaders of the trade in PFTS market [12] . Besides, the Ukrainian market has been gradually integrating to the global stock market and the PFTS index has been included in the IFC Frontier index. Therefore the choice of PFTS index is expedient for the investigation of the nonlinear wave nature processes for the Ukrainian stock market.
The analysis of the stock market general tendency is quite important for the formation of investor behavior but at the same time it is necessary to carry out the analysis of other accompanying factors. In addition, the activity of the trade and shares value have to be analyzed. Such an approach allows one to determine both the attractive period for the activity of the investors and the attractive shares for formation of portfolio.
The structural analysis of the PFTS index in the 2005-th year demonstrates the ten biggest enterprises of Ukrainian market, which are the "blue chips". The course value of these shares is to be analyzed since these shares are most liquid and attractive for the investors.
Therefore the factor space of the investigation is the following cortege: We analyze the fractals in the time series of the PFTS index at the second stage. We utilize the method of normalized scope (R/S method) for our investigation. The so-called Hurst coefficient (H) is the base of the R/S method [7] . The interval of alternation for the Hurst coefficient is [0, 1] . Therefore this coefficient is the criteria of the classification of time series which can be under the null hypothesis of a unit root does not have the conventional distribution. Dickey and Fuller (1979) showed that the distribution under the null hypothesis is nonstandard, and simulated the critical values for selected sample size. More recently, MacKinnon (1991) implemented a much larger set of simulations than those tabulated by Dickey and Fuller. The null hypothesis of a unit root is rejected against the one-sided alternative if the t-statistic less than a critical value. either white noise, or persistent or non-persistent time series. Table III shows the characteristics (the Hurst coefficient and the correlation coefficient) for the different kinds of time series. 
White noise (Brownian process)
Last and future differences of the time series are independent and miscorrelated. The trend is not contained in the time series. This process is Gaussian process with independent variables, white noise.
Nonpersistent process
This process is the stochastic process. If the time series increases, then time series will decrease in the future. The time series is characterized by the high level of the tendency change.
If H → 0.5 then this time series is the white noise.
The last tendency is the permanent tendency in the future. Hence the persistent stochastic processes show the stability tendency with the low level noise. Persistent processes characterize the periodicity of the tendency.
After checking the stationarity of the initial time series by using the spectral analysis -the Fourier decomposition -we compose the cyclic component models. The algorithm for the search of these models is given in figure 2.
Step 1. Time series stationarity check
Stationary series
Nonstationary series
Step
Elimination of the time series nonstationarity
Smoothing of the time series and elimination of the seasonal componnent
Construction of the trend model process
Step 3. Construction of the harmonics spectrum and cyclic component models 
Stage 3. Investigation of the wave nature of time series for the shares and PFTS index.
At the third stage we single out the cyclic components from the time series. The first step of the investigation of cyclic components consists in the analysis of the stationarity of time series. The mean value, deviation and covariance are the indicators of stationarity or non stationarity of the time series. The series is stationary if the mean and autocovariance of the series do not depend on time.
In this case the cyclic component is the composition of different cycles, which can be presented as:
where T is the period a separate cycle harmonic.
The quantity of harmonics is to be determined via the statistical significance of each harmonic. This allows us to form the Fourier series by employing the significant harmonics only.
The conditions of the stationarity are: The forth and fifth stages of the model are supposed to distinguish the most significant cyclic harmonics of the corresponding time series and to determine the stability of the Ukrainian stock market based on the weight of the long-term and short-term harmonics. This analysis allows the investor to make up or modify the share portfolio that is adequate to the market tendencies, and therefore to substantiate the market behavior. As the market stability criterion, one can use the ratio of the long-term and shortterm harmonics weights in the cyclic decomposition of the PFTS index, i.e. This is because the domination of the long-term harmonic in the cyclic component of the series investigated does not affect essentially on the change of the major tendency in the short term period. In this paper we understand the conservation of the dominant tendency in the short term period as the stability of the market development. For the market stability analysis we utilize the following classification:
i. long-term harmonic with the period from 4 to 12 months;
ii. short-term harmonics with the period from 1 to 3 months. The domination of either first or second type of harmonics allows one to determine the most attractive kind of the investor portfolio, which can be either of the conservative-aggressive or aggressive-conservative type correspondingly. Separation of the long-term and shortterm harmonics in the time series of the shares permits to compose the recommendations for the investor on how to gain the balanced structure of the shares portfolio oriented towards the support of either liquidity or profitability.
B. Investigation of the wave nature of the time series.
Step 1. The series stationary check. To determine the presence and to single out the cyclic components in the time series of the enterprises analyzed (Table 2) we perform the stationary check by means of the ADF test (Table IV) . 
A. The investigation of the PFTS index time series for the determination of the supporting tendency.
The calculations of the Hurst coefficient for the daily PFTS index time series (for the period from 13.10.1997 to 13.09.2005, 1843 cases) showed that the series investigated is persistent, i.e. it contains the fractals. These conclusions are confirmed by the regression line tilt (Fig.3) shows that all time series are non-stationary because ADF test statistic is less than 1% Critical Value. Thus this time series contains the trend. This inference also confirmed the computations of the ADF test for the 1 st differences, and this proves the fact that the series become stationary after singling out the trend Visual analysis of the time series (Fig.4 ) allowed as to put forward the hypothesis of the presence of the nonlinear trend. This hypothesis was confirmed by the approximation of the initial time series by the secondorder polynomial function.
As a criterion of the validity of the model composed we used the multiply correlation coefficient with the value R = 0,9. Hence the trend model of the PFTS index has the following form: Y= 88,48 -0.2252 t + 0,0002 t 2 Step 2. Elimination of the non-stationary series. For the purpose to eliminating the trends from the series let us decompose the series into the four components: the trend one (T(t)), the cycle one (C(t)), the seasonal one (S(t)) and the irregular one (I).
As the decomposition model we apply the additive The condition for the usage of the Fourier analysis for the cyclic component decomposition is the stationarity of the series. Then we carry out the second ADF-test for residuals of the series (Table A.II). one insofar as the series oscillation amplitude over the long-term period is stable. The model itself has the form:
For the sake of refinement of the initial series of the season component one can perform the smoothing over the period n=5, which corresponds to the 5 work-days at the PFTS market.
The results of the ADF test read: (i) all series are the stationary ones with the 1% critical value for none and intercept test equations;
(ii) all series are the stationary ones with the 5% critical value for trend and intercept test equations. Distinguishing the trend from the fitted series includes the selection of the type of the trend and estimation of its parameters. The criterion for the choice of the general trend model defines the multiply correlation coefficient. The Table V shows the selected trend equations and trend parameters. The estimations of the model parameters are shown in Table A .I from Appendix.
Hence one can apply the Fourier analysis for the series residuals to study the harmonics of the cyclic component.
Step 3. Construction of the harmonics spectrum and cyclic component models.
The estimation sine and cosine coefficients together with the spectral densities are given in Table A .III. Below we present the model of the cyclic components for the PFTS index time series. 
PFTS
The model includes seven most significant harmonics for the cyclic component of the PFTS index. As the criteria for the selection of harmonics we take the values of the spectral density and the correlation coefficient. We would like to emphasize that the first five harmonics are the same for all series (see Table A The analysis of the model parameters (Table A .I) and the adequateness of the model (Table V) show that all the model parameters are statistically significant ones, and the multiply correlation coefficients are within the norm limits. All these facts demonstrate the adequateness of the trend model.
The actual, fitted and residual dates of the PFTS index are shown in Fig. 5 . The residuals of the series contain the cyclic component. 
C. Separation of the short-term and long-term cycles in the time series and determination of the stock market stability.
Inasmuch as the weight of the long-term harmonics in the cyclic component of the PFTS index time series occupy 68%, we can make the inference concerning the stability of Ukrainian stock market in a short-time period. The Fourier decomposition allows one to separate the most significant harmonics in the share time series. The harmonic characteristics can be written by the following cortege: where is the i-th harmonics of the action with label s; is the initial value of the cycle; is the cycle amplitude and is the cycle periodicity. In the current study the significance criterion for the harmonic is the cycle amplitude. Using this one then can distinguish the shares which correspond to the short-term and long-term investor purposes.
Under such conditions it is pertinent to form the conservative-aggressive portfolio having the following structure:
The values of the amplitude obtained for the most significant harmonics of the time series are given in Table  VI. (i) the conservative part is aimed to maintain the portfolio liquidity as a whole and involves the shares of the following enterprises : CEEN, DNEN, DOEN (ii) the aggressive part is aimed to maintain the profitability and includes the shares of the following enterprises: UTEL, ZPST, KIEN.
IV CONCLUSIONS.
To sum up, the from the analysis performed the following findings can be outlined:
(1) On the basis of the Hurst coefficient estimation we have deduced that the daily time series of the PFTS index over the period 03.10.1997 -13.09.2005 is the persistent one, which means that it includes the fractality (the ability to maintain the stable tendency of development). Aside from this, the current tendency has a nonlinear character which supports the wave nature of the Ukrainian stock market development.
(2) The algorithmic model for the investigation of the wave nature of the stock market is a tool for the formation of the adequate investor behavior. It allows one to determine the structure of the shares portfolio, which combines the liquidity and profitability criteria.
(3) The separation of the most significant harmonics in the PFTS index and share series allowed one to determine the most expedient kind and structure of the portfolio.
To our belief, the future investigations of the wave nature of stock market consist in the development of methodological approaches for the investor strategy. These investigations should involve the forecasting of the crisis points of stock market based on the account of stochastic macroeconomical influence and tendencies in the development of the foreign stock markets. To determine the stock market stability and single out the shares which possess the most significant long-and short-term cycles, we estimated the weight of the longand short-term harmonics in the cyclic components of the series investigated (Table VII) . 
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